75-kDa chitinase, which showed potential as a biocontrol agent against Japanese pine sawyer, was characterized after purification from the integument of the fifth instar larvae of Bombyx mori by chromatography on diethylaminoethyl (DEAE)-Toyoperal 650 (M), hydroxylapatite, and Fractogel EMD DEAE 650 (M) columns. The optimum pH was 6.0 toward N-acetylchitopentaose (GlcNAc 5 ) and 10 toward glycolchitin. The optimum temperature was 60 C toward GlcNAc 5 and 25 C toward glycolchitn. The enzyme was stable at pH 7-10 and below 40 C. Kinetic analysis and reactionpattern analysis using glycolchitin and N-acetylchitooligosacchraides as substrates indicated that 75-kDa chitinase is an endo-or random-type hydrolytic enzyme to produce the anomeric product and that it prefers the longer N-acetylchitooligosaccharides, suggesting, together with the N-terminal amino acid sequence, that the 75-kDa chitinase belongs to family 18 of glycosyl hydrolases.
In insects, chitinase is mainly engaged together with -N-acetylglucosaminidase in the molting process during ecdysis to degrade chitin in the cuticle, in the fore and hind gut, and peritrophic membrane (PM) of the midgut to achieve growth and development, which is hormonally regulated. 2, [10] [11] [12] [13] [14] The function of chitinase in plants appears to be defense against attack by chitin containing fungal pathogens and insect pests. 9, [15] [16] [17] Chitinases from various organisms fall into two unrelated families of glysosyl hydrolases, 18 and 19, distinguished by their amino acid sequences. 18) They differ in structure and mechanism too. 19) Family 19 chitinases are found primarily in plants, and are highly homologous in sequence. 20) In contrast, family 18 includes representatives from microbes (bacteria, fungi, and viruses), and plants and animals, including insects, and has substantial sequence divergence. 18) The catalytic domains of family 18 chitinases possess the ðÞ 8 -barrel domain, while the family 19 chitinases consist mostly of -helices. 21, 22) Family 18 chitinases do substrate-assisted catalysis and yield an -anomeric product through a retaining mechanism, 23, 24) whereas family 19 chitinases produceanomer by an inverting mechanism. 25, 26) The catalytic domain of most glycosyl hydrolases has a stretch of conserved amino acids, including three aspartic acids and one glutamic acid, some or all of which have been suggested to be involved in the enzymatic hydrolysis of glycosidic bonds. 27) The partial amino acid and nucleotide sequences analyzed from B. mori chitinases revealed include two conserved regions of family 18 glycosyl hydrolases. [28] [29] [30] Family 18 bacterial chitinases from Bacillus circulans WL-12 and Streptomyces griseus has been shown to retain this configuration at C1. 23) This mechanism has also been proposed for S. marcescens chitinase A. 21) HPLC analysis of the products of the hydrolysis of chitopentaose showed that hevamine, a plant chitinase, acts with retention of the configuration. 24) Human and hen lysozymes catalyze cleavage of the disaccharide with a retention mechanism.
31) The X-ray structures of chitinase A, hevamine (glycosyl hydrolase family 18), and chitobiase (family 20) complexes with substrates or inhibitors show a retaining mechanism involving a single glutamic acid as the catalytic acid and the carbonyl oxygen atom of the substrate's C2 N-acetyl group as the nucleophile.
32) The chitinases responsible for the digestion of cuticular and gut-specific chitin have been biochemically and molecularly characterized from various insect species such as the tobacco hornworm, Manduca sexta, 10) the stable fly, Stomoxys calcitrans, 33) the silkworm, Bombyx mori, 28, 34) the common cutworm, Spodoptera litura, 35) and the y To whom correspondence should be addressed. Tel: +81-83-933-5801; Fax: +81-83-933-5820; E-mail: dkoga@yamaguchi-u.ac.jp Abbreviations: DEAE, diethylaminoethyl; GlcNAc, 2-acetamido-2-deoxy--D glucopyranoside; GlcNAc n , (1-4) linked oligosaccharide of GlcNAc (N-acetylchitooligosaccharide); II to VI, (1-4) linked di to hexasaccharides of GlcNAc; HPLC, high pressure liquid chromatography; PAGE, polyacrylamide gel electrophoresis; PM, peritrophic membrane; PVDF, polyvinylidene difluoride; SDS, sodium dodecyl sulfate pupae of Pieris rapae, 36) Tenebrio molitor, 37) the spruce budworm, Choristoneura fumiferana, 38) and Helicoverpa armigera. 39) In the mosquito Anopheles gambiae, a gut-specific chitinase gene product has been characterized and is thought to be a regulator of PM structure and function. 40) Similarly in Aedes aegypti, chitinolytic enzymes are involved in the digestion and modulation of chitin-containing structures in the gut. 14, 41) Chitinases have also been characterized from a number of eukaryotic pathogens including malarial parasites, Plasmodium gallinaceum, 42, 43) the nematode Brugia malayi, 44) and Leshmania donovani, 45) where protein is believed to be involved in the transmission of those pathogens in insect vector, presumably by degrading the chitin-containing PM in the midgut. Further incorporation of exogenous chitinases into mosquito blood meal prevents chitinous PM formation. 46, 47) The penetration of entomopathogenic fungi through the insect cuticle to attain infection also involves chitinases.
48) The importance of chitin in insect cuticle and its crucial role in maintenance of PM structure, chitin synthesis and degradation have long been considered to be excellent targets for bio-rational agents. 49, 50) For many years our laboratory has been involved in characterizing chitinolytic enzymes, specifically chitinases from the silkworm, B. mori, as a model insect, in order to clarify the mechanism of insect ecdysis and also to determine hydrolytic potentiality on chitin, which is contained in fungal pathogens and insect pests. Three isozymes of chitinase were purified earlier in this laboratory from fifth-instar larvae of B. mori, and were well characterized. 28, 34) These isozymes are supposed to be expressed from one gene, and the smaller isozymes to be processed in post-translation from the larger chitinase.
In our latest research, 51) we observed that the fourth isozyme of chitinase with an molecular mass of 75-kDa from the integument of B. mori larvae showed efficacy as a biocontrol agent against the Japanese pine sawyer, Monochamus alternatus. In this study, therefore, we characterized 75-kDa chitinase to compare it with other related chitinase isozymes.
Materials and Methods
Chemicals. Glycolchitin was prepared by the method of Yamada and Imoto with reacetylation using acetic anhydride.
52) N-Acetylchitooligosaccharides (GlcNAc n , n ¼ 2{6) were the generous gift of Yaizu Suisankagaku Industry, Ltd. (Shizuoka, Japan). The following were from the commercial sources indicated: DEAE-Toyopearl 650 (M) (Tosoh, Tokyo), hydroxylapatite (BioRad Laboratories, Hercules, CA.), and Fractogel EMD DEAE 650 (M) (Merck AG, Darmstadt, Germany). All other chemicals were from commercial sources and of the highest quality.
Insect rearing and tissue preparation. The silkworm, Bombyx mori (Kinshu Â Showa) (Lepidoptera: Bombycidae) larvae were reared on mulberry leaves at 27 C AE 1 C with a photoperiod of 13:11 h light/dark. Integuments were collected by dissection from fifthinstar larvae that were late in the third day after the beginning of spinning behavior (SP-3). Shortly after dissection integuments were rinsed twice with 50 mM Na-phosphate buffer (pH 6.8) containing 20% (w/v) sucrose, 1.0 mM diisopropyl-phosphofluoridate, and a trace of N-phenylthiourea in an ice bath, and immediately flash-frozen on dry ice and stored at À80 C until used.
Extraction and purification of chitinase from Bombyx mori larvae. Unless otherwise noted, all operations were done at 4 C. Frozen integument from about 100 larvae was ground with dry ice using a mortar and pestle, and homogenized in 3 volumes of ice-cold 0.01 M Naphosphate buffer (pH 7.5). The homogenate was centrifuged at 10;000 g for 20 min, and the supernatant was mixed with DEAE-Toyopearl 650 M resin (350 ml) equilibrated with 0.1 M Na-phosphate buffer (pH 7.5). The mixture was gently stirred overnight, and washed with 0.01 M Na-phosphate buffer (pH 7.5) on a glass filter. Then the mixture was poured into a column (3 Â 50 cm). After washing off the unadsorbed protein with 2-3 volumes of 0.01 M Na-phosphate buffer (pH 7.5) containing 0.1 M NaCl, chitinase was eluted with a linear gradient of NaCl from 0.1 to 0.7 M in 0.01 M Na-phosphate buffer (pH 7.5) at a flow rate of 50 ml/h. The eluted fraction with chitinase activity was dialyzed against 0.01 M Na-phosphate buffer (pH 6.8) and applied to a hydroxyapatite column (2 Â 20 cm) equilibrated with the same buffer. After washing off the unadsorbed proteins with the same buffer, chitinase was eluted with a linear gradient of Na-phosphate buffer (pH 6.8) from 0.01 to 0.30 M at a flow rate of 20 ml/h. The active fraction was dialyzed against 0.05 M Naphosphate buffer (pH 7.0), and then applied to a Fractogel EMD DEAE 650 M column (2 Â 20 cm) equilibrated with the same buffer. After washing off the unadsorbed proteins with the same buffer, chitinase was eluted with a linear gradient of NaCl from 0.0 to 0.6 M in 0.05 M Na-phosphate buffer (pH 7.0) at a flow rate of 20 ml/h. Protein determination. Protein was estimated by measurement of absorbance at 280 nm. Protein concentration was measured by the method of Lowry et al. with bovine serum albumin as the standard protein. 53) Enzyme assay. Chitinase activity was generally measured using a long substrate, glycolchitin. The enzyme solution (0.01-0.03 ml) was added to 0.5 ml of 0.05% (w/v) glycolchitin dissolved in 50 mM Na-phosphate buffer (pH 8.0), and incubated at 32 C for 1-3 h. The reducing end group produced was measured colorimetrically at 420 nm with ferri-ferrocyanide reagent by the method of Imoto and Yagishita. 54) For determination of the optimum and stability conditions etc., BirttonRobinson buffer (pH 2-11) 55) was also used. The chitinase activity was also measured with a short substrate, N-acetylchitooligosaccharide (GlcNAc n , n ¼ 2 to 6). Ten ml of the enzyme solution was mixed with 100 ml of N-acetylchitooligosaccharide dissolved in the buffer as described in each experiment. The reaction was stopped by cooling to 0 C in an ice bath, and its aliquot (10 ml) was analyzed by HPLC on a Tosoh TSK-Gel amide 80 column (0:4 Â 25 cm) at 25
C. The N-acetylchitooligosaccharides were eluted with 70% acetonitrile at a flow rate of 0.7 ml/min, and monitored at 210 nm. The initial velocity was calculated by the method of Koga et al. 56) and Abdel-Banat et al.
34)
The kinetic experiments were performed with glycolchitin (0.066-0.33 mg/ml) dissolved in 40 mM BrittonRobinson buffer (pH 10.0) at 25 C. The initial velocity was calculated from the difference in absorbance at 420 nm (ÁA 420 ) between the sample and control experiments using the following equation: 1 ÁA 420 ¼ 0:22 mM N-acetylchitooligosaccharides produced. Kinetic parameters such as K m and k cat were obtained by double reciprocal plots.
Substrate specificity, anomer formation and cleavage pattern of 75-kDa chitinase. 75-kDa chitinase (10 nM) was incubated with 100 ml of 0.1 mM N-acetylchitooligosacharide (GlcNAc n , n ¼ 2 to 6), which was dissolved in 4 mM Na-phosphate buffer (pH 6) for 20 min at 25 C. The reaction was stopped by cooling to 0 C in an ice bath, and analyzed by HPLC on a Tosoh TSK-Gel amide 80 column (0:4 Â 25 cm) at 25 C. The N-acetylchitooligosaccharides were eluted with 70% acetonitrile at a flow rate of 0.7 ml/min, and monitored at 210 nm. Anomer formation and cleavage pattern were analyzed by the method of Koga et al.
56)
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). SDS-PAGE was performed with a 10% polyacrylamide slab gel (5 Â 10 Â 0:1 cm) containing 0.1% SDS by the method of Laemmli.
57) Protein sample (10 ml) was mixed with the same volume of 0.2 M Tris-HCl buffer (pH 6.8) containing 2% SDS, 2% 2-mercaptoethanol, 20% glycerol, and 2 Â 10 À3 % bromophenol blue, and boiled for 1 min. The standard proteins used were phosphorylase b (97 kDa), serum albumin (66 kDa), ovalbumin (45 kDa), carbonic anhydrase (31 kDa), trypsin inhibitor (21 kDa), lysozyme (14 kDa) (Bio-Rad, Hercules, CA.). After electrophoresis, proteins were stained with Coomassie Brilliant Blue R-250 (Fluka, Switzerland).
Chitinase activity staining after SDS-PAGE. Chitinase activity staining was done by the method of Koga et al. with a slight modification. 12) After SDS-PAGE, proteins in the gel were transblotted to a 10% polyacrylamide slab gel (5 Â 10 Â 0:1 cm) containing 0.01% glycolchhitin in a Tris-glycine-SDS buffer (50 mM Tris/380 mM glycine/10% SDS) (pH 8.3) at 90 mA for 10 min using a semi-dry transblot apparatus (Atto Corporation, Tokyo) at room temperature. The transblotted (substrate) gel was then incubated for 1 h (2Â) in 100 mM Na-phosphate buffer (pH 8.0) containing 1% (v/v) Triton X-100 at room temperature under gentle agitation, in order to permit renaturation of the enzyme. The gel was immersed in 100 mM Tris-HCl buffer (pH 9.0) containing 0.01% (w/v) chitin adsorbing fluorescent dye, Fluostain I (Dojin Laboratories, Kumamoto, Japan), for 5 min at room temperature, washed with distilled water for 1 h to remove the excess fluorescent dye, and then immersed into 100 mM Naphosphate buffer (pH 8.0). The gel was irradiated under a UV transilluminator to visualize the enzyme activity bands against the fluorescent gel background, and was identified as a non-fluorescent dark band and photographed.
NH 2 -Terminal sequence determination. After SDS-PAGE, proteins in a 10% (w/v) SDS polyacrylamide gel were transblotted using a semi-dry transblot apparatus (Atto) onto a PVDF (polyvinylidene difluoride) membrane (Nippon Genetics, Tokyo) in a Tris-glycine-SDS buffer (50 mM Tris/380 mM glycine/10% SDS, pH 8.3), at a constant current of 100 mA for 20 min. The PVDF membrane was then stained with 0.125% (w/v) Coomassie Brilliant Blue R-250 (Fluka, Switzerland) in a 22.7% methanol/4.6% acetic acid solution and destained with a 10% methanol/15% acetic acid solution to locate the protein of interest. The chitinase band on the PVDF was excised and submitted to NH 2 -terminal amino acid sequence by the Edman degradation method with a protein sequencer (PSQ 21, Shimadzu, Kyoto, Japan).
Results and Discussion
Purification of 75-kDa chitinase Chitinase was purified from the integument of the fifth instar larvae of Bombyx mori by chromatography on DEAE-Toyoperal 650 (M), hydroxylapatite, and Fractogel EMD DEAE 650 (M) columns. The results of the column chromatography are shown in Fig. 1 . On a DEAE Toyopearl 650 (M) column, chitinase was eluted at a conductivity of 9-27 mmho (Fig. 1A) . Since the chitinase fraction contained 54-kDa, 65-kDa, and 75-kDa chitinase isozymes (data not shown), this fraction was chromatographed on a hydoxylapatite column. Chitinase was eluted mainly at conductivities of about 7 (H1) and 10 mmho (H2) with the early shoulder peak before H1 (Fig. 1B) . The early shoulder peak contained 54-kDa chitinase. The fraction H1 contained mainly 65-kDa chitinase with a slight amount of 75-kDa chitinase, while fraction H2 contained 75-kDa chitinase (data not shown). Chitinase isozymes with apparent molecular masses of 54 kDa, 64 kDa, and 88 kDa had been purified already and characterized. Therefore, fraction H2 con-taining 75-kDa chitinase was chromatographed on a Fractogel EMD DEAE 650 (M) column. 75-kDa chitinase was eluted at a conductivity of 9.3-15.1 mmho (Fig. 1C) . The purity and the apparent molecular mass of the chitinase isozyme of interest were analyzed by SDS-PAGE. As shown in Fig. 2 , only the 75-kDa protein band with chitinase activity was observed. The results of the purification are summarized in Table 1 . At the final step, 75-kDa chitinase was purified approximately 370 fold with a recovery of 2.05%.
By this purification, we obtained a novel isozyme, 75-kDa chitinase. So far we have purified the 88-kDa, 65-kDa and 54-kDa chitinase isozymes from B. mori. Since we obtained only one genomic DNA encoding chitinase, these chitinase isozymes must be derived from one gene. 58) We also proposed an alternative splicing mechanism of B. mori chitinase, by which some chitinase isozymes can be produced at the mRNA level from one gene. 59) In addition to alternative splicing, we found post-translational processing of B. mori chitinase at the protein level in vitro during long storage: 88-kDa chitinase to 65-kDa chitnase, and 65-kDa chitinase to 54-kDa chitnase.
28) Therefore, it is possible that 75-kDa chitnase is produced by post-translational processing, probably from 88-kDa chitinase, in vivo. In order to investigate whether 75-kDa is derived from a larger isozyme such as 88-kDa chitinase, the N-terminal amino acid sequence of 75-kDa chitinase was determined. The result was ADSXAXIVXY, where X represents an unidentified amino acid. Comparing this result with other B. mori chitinase isozymes, which have the same N-amino acid sequences such as ADSRARIV(C)YFSNWAVYRPG, as far as we analyzed, 28 ) the fourth and sixth Xs correspond to arginine, which is one of the bad-yield amino acids in sequencing. The ninth X corresponds to cystein, which could not be determined if it were cross-linked with another cystein. Therefore, this result suggests that 75-kDa chitinase has the same N-amino acid sequence as other B. mori chitnase isozymes, and, therefore, can be post-translationally processed from the larger B. mori chitinase such as 88-kDa chitinase in vivo.
Optimum pH and pH stability of 75-kDa chitinase In our latest paper, 51) we proposed the possibility of 75-kDa chitinase as a biocontrol agent against the Japanese pine sawyer, since oral ingestion of 75-kDa chitinase into the beetles caused high mortality. The peritrophic membrane chitin was observed to be damaged by 75-kDa B. mori chitinase. We also measured the pH values of the midgut of the Japanese pine sawyer. The pH values of the anterior midgut, mid-midgut, and posterior midgut were 6.5, 8.0, and 8.5 respectively. Therefore, its optimum pH and pH stability are interesting, when 75-kDa chitinase is administrated to the beetles and acts toward the peritrophic membrane chitin in its midgut. The results are shown in Fig. 3 . The optimum pH was different in the substrate as between the long and short substrates, as shown in Fig. 3 : pH 10 towards the long substrate, glycolchitin, and pH 6 toward the short substrate, GlcNAc 5 . These results for optimum pH indicate that the 75-kDa chitinase is active between pH 6 and 11. As shown in Fig. 3C , 75-kDa chitinase was very stable between pH 7 and 10, and stable even between pH 6 and pH 11. Therefore, 75-kDa chitinase is useful as a biocontrol agent with respect to the optimum pH and pH stability in the midgut of the Japanese pine sawyer.
Compared with other B. mori chitnase isozymes, the 88-kDa, 65-kDa, and 54-kDa chitinases, the optimum pH and pH stability patterns are almost the same as the others. 28, 34) Furthermore, the difference in pH optimum between the long and short substrates is also observed in other chitinase isozymes.
Optimum temperature and thermal stability of 75-kDa chitinase Optimum and stability regarding temperature were also measured. When we use 75-kDa chitinase in the field as a biocontrol agent against the Japanese pine sawyer, these data are required. The results are shown in Fig. 4 . It is interesting that the optimum pH was different in the substrates: 25 C toward the long substrate, glcycolchitin (Fig. 4A) , and 60 C toward the short substrate, GlcNAc 5 (Fig. 4B) . Compared with other B. mori chitinase isozymes, the optimum temperature of 60 C toward GlcNAc 5 is the same as that of the 88-kDa, 65-kDa, and 54-kDa chitinase isozymes.
28,34)
But we could not compare the optimum temperature toward glycolchitin with other chitinase isozymes, because their optimum temperatures were not measured. The low optimum temperature might be due to the characteristics of glycolchitin. Regarding thermal stability, 75-kDa chitinase was treated at temperatures of 0 to 70 C for 15 min, and the remaining activity was measured with glycolchitin at optimum pH. 75-kDa chitinase was stable up to 40 C as compared with other B. mori chitnase isozymes. The 88-kDa, 65-kDa, and 54-kDa chitinase isozymes are stable up to 40 C, 30 C, and 20 C respectively, suggesting that 75-kDa chitinase is as thermostable as 88-kDa chitinase. It appears that the larger chitinase isozemes are stable to high temperatures.
Kinetic analysis of 75-kDa chitinase
In order to investigate the enzymatic action and affinity to the substrate, steady-state kinetic experiments were performed using a long substrate, glycolchitin. The result was represented as a double reciprocal plot (Fig. 5) , and the values of the kinetic parameters obtained are listed in Table 2 . For comparison with other B. mori chitinase isozymes such as 54-kDa, 65-kDa, and 88-kDa chitinase, these parameters are also listed in Table 2 . Since these reactions were done at different pH, it is hard to compare them. In the case of 54-kDa chitinase, kinetic analyses were performed in a wide range of pH from 4 to 10. 34) Regarding k cat , the highest value was obtained at pH 10 (0.049 1/s), and the lowest value was at pH 6 (0.006 1/s). These values are about 8-fold different as between the highest and the lowest. Regarding K m , the lowest value (the highest affinity with the substrate) was obtained at pH 6 (0.092 mg/ml), and the highest value (the lowest affinity) was at pH 10 (0.503 mg/ml). These values are about 5-fold different. Regarding k cat =K m (overall reaction), the highest value was obtained at pH 9.5 (0.12 ml/mg/sec), and the lowest value was at pH 4 (0.036 ml/mg/s). These values are about 3.3-fold different. Furthermore, in order to compare the kinetic parameters between low pH (5.5 and 6.5) performed for 65-kDa and 88-kDa chitinase and high pH (10) performed for 75-kDa chitinase, both parameters for 54-kDa chitinase are indicated as follows: (k cat , K m , k cat =k m ) at pH 6 is (0.006 1/sec, 0.092 mg/ml, 0.065 ml/mg/s); (k cat , K m , k cat =k m ) at pH 10 is (0.049 1/s, 0.503 mg/ml, 0.100 ml/mg/s). These ratios of the values of k cat , K m , k cat =k m (pH 6/pH 10) are about 1/8, 1/5.5, and 1/1.5 respectively. Considering these relationships, 75-kDa chitinase is better than 54-kDa chitianse with respect to k cat , K m , and k cat =k m , but not better than the 65-kDa and 88-kDa chitinase isozymes.
Reaction patterns of N-acetylchitooligosaccharides by 75-kDa chitinase
Kinetic parameters of 75-kDa chitinase could not be obtained toward the short substrate, N-acetylchitooligosaccharides, due to the negative line obtained in the double reciprocal plot. Therefore, the cleavage pattern and substrate specificity were investigated by measuring the initial velocities using 0.1 mM N-acetylchitooligosaccharides from GlcNAc 2 to GlcNAc 6 . The results are shown in Table 3 . The 75-kDa chitinase hydrolyzed in endo-or random-type cleaving fashion Nacetylchitooligosaccharides except GlcNAc 2 . The activity of 75-kDa chitinase on the substrates was in the order GlcNAc 6 = GlcNAc 5 > GlcNAc 4 > GlcNAc 3 , meaning that 75-kDa chitinase prefers the longer substrates. In order to estimate the cleavage pattern and cleavage rates by 75-kDa chitinase, a Tosoh TSK-Gel amide-80 column was used for elution of the reaction products. The results are shown in Fig. 7 and summarized in Table 3 . We had already analyzed the 54-kDa and 65-kDa chitinase isozymes from B. mori.
60)
Compared with other B. mori chitinase isozymes, 75-kDa chitinase is more similar to 65-kDa chitinase rather than to 54-kDa chitinase, even though the reactivity (the initial velocity) toward N-acetylchitoligosaccharides was a little higher than those of either 65-kDa or 54-kDa chitinase.
Anomer formation was also observed in the reaction of N-acetylchitooligosaccharides by 75-kDa chitinase (Fig. 7) . As shown in Fig. 6 , each equilibrated N- acetylchitooligosaccharide was eluted on a Tosoh TSKGel amide-80 column with two peaks such as the anomer form (earlier peak) and the anomer form (later peak) with a certain ratio of about 1:0.6. When Nacetylchitooligosaccharide was reacted with 75-kDa chitinase, the newly produced N-acetylchitooligosaccharides had the or anomer form at the reducing-end side. After 20 min of reaction, the ratios of anomer to anomer increased, suggesting that 75-kDa chitianse is a family 18 chitinase, which hydrolyzes the substrate in the retaining mechanism. In these anomer formations, 75-kDa chitinase is the same as the 65-kDa and 54-kDa B. mori chtinases.
When we estimated the cleavage patterns of Nacetylchitotetrasaccharide (GlcNAc 4 ), the ratio of anomer to anomer of GlcNAc was abnormally high e.g., 1:30.2 (Fig. 7) . Hence we did not use this ratio value, but used the ratio value of GlcNAc 3 , in order to estimate the cleavage pattern, such as the percentage of the reaction of GlcNAc 4 to GlcNAc plus GlcNAc 3 and the reaction of GlcNA 4 to GlcNAc 3 plus GlcNAc (Table 3) . 
Comparison of 75-kDa chitinase with other Bombyx mori chitinases as a biocontrol agent
The findings of the latest research suggest that 75-kDa chitinase has potential as a biocontrol agent against the Japanese pine sawyer, M. alternatus, which is one of the factors in Japanese pine-forest destruction. 51) Hence we characterized this chitinase after purification and compared its characteristics with other B. mori chitianse isozymes. In conclusion, 75-kDa chitinase is similar to 65-kDa chitinase, specially with respect to kinetic 75-kDa chitinase (final concentration, 10 nM) was incubated with N-acetylchitooligosacharide (GlcNAc n , n ¼ 3 to 6; final concentration of 0.1 mM) dissolved in 4 mM Na-phosphate buffer (pH 6) for 20 min at 25 C. The reaction was analyzed by HPLC on a Tosoh TSK-Gel amide-80 column. The area ratios of the anomers produced after the reaction are indicated below the elution patterns. Symbols I to VI are mono-to hexaoligomers of N-acetylchitooligosaccharides.
behavior, rather than to 54-kDa and 88-kDa chitinases. Furthermore, 75-kDa chitinase is thermostable up to 40 C, similarly to 88-kDa chitinase. As a biocontrol agent to use in the field, 75-kDa and 88-kDa chitinases might be possible, because the atmosphere temperature is less than 40 C in Japan.
